H and
13 C NMR spectra were recorded on either a Varian Inova 400 MHz NMR spectrometer, or a Bruker 500 MHz NMR spectrometer. All NMR spectra processed using MestReNova by Mestrelab Research S.L. Proton ( 1 H) chemical shifts are reported in parts per million () with respect to tetramethylsilane (TMS, =0), and referenced internally with respect to the protio solvent impurity. 13 C chemical shifts are reported in parts per million () and referenced internally with respect to 12 C solvent signal. Deuterated NMR solvents were obtained from Cambridge
Isotope Laboratories, Inc., Andover, MA, and used without further purification. Mass spectra were recorded by electrospray ionization on an LTQ-XL linear ion trap mass spectrometer (Thermo Scientific, San Jose, CA). MALDI spectra were obtained using an AB Sciex TOF/TOF 5800 MALDI mass spectrometer with positive ion mode. Infrared spectra were recorded on a Bruker
Alpha FTIR spectrometer. Melting points were collected using the melting point apparatus from
Stanford Research Systems (SRS) Digimelt MPA 160. All materials were purchased from Sigma Aldrich (St. Louis, MO), Fisher Scientific (Fairlawn, NJ), or TCI (Tokyo, Japan) and were used as received.
Experimental Procedures

Synthesis of New Molecules:
Ammonium Cavitand 3: Following a procedure slightly modified from published methods: The reaction mixture was stirred at room temperature for 4 h, then triturated with dry dichloromethane and hexanes. 
S-6 (Z)-4-oxo-4-((2-(trimethylammonio)ethyl)amino)but-2-enoate (TMAEMA) 10:
Maleic anhydride (500 mg, 5.10 mmol) was added to a 100 mL round bottomed flask followed by diethyl ether (50 mL). N,N-Dimethylethylenediamine (5.10 mmol, 450 mg, 511µL) was then added dropwise while stirring at room temperature. After 10 min a precipitate was observed, and the resulting solid was vacuum filtered. In a 250 ml round bottom flask, 100 mg (0.540 mmol) of solid was dissolved in DMF (3 mL), followed by the addition of methyl iodide (76.6 mg, 33.6 µL, 0.54 mmol). The mixture was stirred at room temperature for 4 hours. An observed precipitate was then vacuum filtered, followed by purification via washing with diethyl ether then hexanes, to yield a yellow-white solid (125 mg, 10 % yield and the reaction mixture was stirred at room temperature for 4 h, until a precipitate had formed.
The solid was then filtered, followed by purification via washing with diethyl ether then hexanes, to afford a thick orange oil (90 mg, 68 % yield NMR Data: 
Figure S-9:
13 C NMR spectrum of (Z)-4-oxo-4-((2-(trimethylammonio)ethyl)amino)but-2-enoate (TMAEMA) 10 (100 MHz, CDCl3, δ 220 --10 ppm sweep width, 512 scans). 
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Figure S-11:
13 C NMR spectrum of (Z)-4-oxo-4-((2-(trimethylammonio)hexyl)amino)but-2-enoate (TMHMA) 13 (100 MHz, CDCl3, δ 220 --10 ppm sweep width, 512 scans).
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Mass Spectral Data: 
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Other Experimental Procedures:
Determining pKa values of cavitand and small molecules pKa values were calculated using Marvin Sketch version 16.10.10 with default s ettings. PCA was performed with XLSTAT with default settings.
Peptide displacement assay with negative cavitand:
Competition assay was carried out by first adding 10 µL Rhodamine B guest (30 µM), 10 µ L negative cavitand (40 µM), and 70 µL of phosphate buffer (pH = 7.4, 100 mM), then 10 µL of different peptides (in H2O) were added. The fluorescent test was done after 15 minutes' incubation.
Fluorescence Life-time measurements
TrPl measurements of cavitands: Time resolved measurements were performed with a 1 kHz Coherent Libra regeneratively amplified Ti:Sapphire laser system. The 800 nm fundamental pulse was directed into a frequency doubling beta barium borate (BBO) crystal to produce the 400 nm excitation beam. The solution samples were mounted on a 1 cm cuvette stage and the emission was collected using front face detection with a 420 nm long pass filter. The emission was detected Figure S-22: a) The Scree plot of PCA on the screening data of small molecule guests, used to determine the appropriate number of principal components. After the first two components, there is a minimal change in the remaining eigenvalues, indicating that the first two components summarized the majority of the variations within the data set. b) The factor loading plot that describes the relationship between original variables and subspace dimensions. The scale was enlarged compared to the PCA plot shown in Fig. 7 to clearly show the location of each variable on this plot. From the plot, we can tell that the sensor elements at neutral and basic pH conditions had key contribution to the location of the small molecule guests at the upper panel of the score plot. Cavitands 2 and 3 contribute more to the differentiation between the R-NMe3 + and R-NHMe2 + . 
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Peptide Displacement Data:
Figure S-24: a) The Scree plot and b) the score plot (left) containing all 14 peptides as shown in groups in Fig. 10 , and the corresponding factor loading plot (right; with enlarged scale to clearly show the positions of all variables) of PCA for the screening data of peptides to determine of the appropriate number of principal components. We can tell from the scree plot that the first two principal components are appropriate in summarizing the major variance within the data set. The factor loading plot indicates all variables contribute to the differentiation of the trimethylated long peptides from the di-, mono-, and non-methylated long peptides, as well as from the short peptides. The sensor elements of 1•4 at pH 7.4 and 9.0, and 2•4 at pH 9.0 contribute more to the location of the peptides in the upper panel in this dimension, and the sensor elements of 2•4 at pH 7.4, and 3•4 at pH 7.4 and 9.0 contribute to the location of the guests in the lower panel. The error ellipses were obtained at 95% confidence interval. 
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